Description 



FOAMING RESIN COMPOSITION, FOAM USING THE SAME AND 
COAXIAL INSULATED CABLE 

Technical Field 

A foam obtained by foaming a f luororesin-containing 
composition has been used as an insulation layer of a conductor 
of a coaxial insulated cable, an insulator layer and a 
cushioning layer. In a coaxial insulated cable, for example, 
when a f luororesin-containing foam is used as an insulation 
layer arranged around a central conductor, a dielectric 
constant is low in comparison to the absence of a foam layer. 
Accordingly, high-speed signal transmission is enabled, and 
attenuation of electrical signals is reduced, making it 
possible to obtain a cable having excellent properties. 

Background Art 

A foam layer has been formed such that a composition of 
a fluororesin and the like is melt-molded while being foamed. 
In the foaming of the f luororesin-containing composition, a 
gas such as nitrogen has been used as a foaming agent, and boron 
nitride as a foam nucleating agent.. Since a dielectric 
constant of a foam layer varies with a porosity of a foam layer, 
it has been required that a foam layer with a low dielectric 
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constant is provided by increasing a porosity. 

Boron nitride used as a foam nucleating agent is free 
from moisture absorption and does not have an adverse effect 
on electrical characteristics. Thus, it is an advantageous 
component as a foam nucleating agent used in forming an 
insulation foam layer of a coaxial insulated cable. However, 
cells formed are large, and this agent is especially 
unsatisfactory for forming fine cells required for a coaxial 
insulated cable in which a wire diameter of a central conductor 
is small and an insulation layer is thin. Accordingly, a 
foaming composition capable of forming finer cells and a foam 
thereof have been in demand. /" 

y 

Disclosure of the Invention 

The subject of the present invention is to provide a 
foaming composition capable of forming fine cells with a high 
porosity, a f luororesin-containing foam, and a coaxial 
insulated cable, in a foam containing fluororesin. 

The subjiect of the invention can be solved by a foaming 
composition comprising a fluororesin and an electrical 
insulating whisker. 

In the foaming composition, the electrical insulating 
whisker is at least one selected from aluminum borate, 
magnesium borate, potassium titanate and silicon nitride. 

A synthetic resin foam is a foam obtained by foaming the 
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composition comprising the fluororesin and the electrical 
insulating whisker upon mixing it with a foaming agent. 

A coaxial insulated cable is one in which an insulator 
layer made of a foam obtained by foaming a composition 
comprising a fluororesin and an electrical insulating whisker 
is arranged around a central conductor. 

The foaming composition of the invention which is a 
fluororesin-containing foaming composition is foamed using 
the whisker as a foam nucleating agent. The resulting foam 
has fine cells, and a foam layer which is stable mechanically 
and electrically is obtained, even when the thickness of the 
foam layer is small. Accordingly, it is possible to provide 
a foam which is useful as an insulation layer for a coaxial 
insulated cable requiring a high fidelity. 

Brief Description of the Drawings 

Fig. 1 is a microphotograph describing Example of the 
invention . 

Fig. 2 is a microphotograph describing Comparative 
Example of the invention. 

Fig. 3 is a microphotograph describing Comparative 
Example of the invention. 

j' 

Best Mode for Carrying Out the Invention 

Embodiments according to the invention are described 
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below. 

In the invention of this application, it has been found 
that a foam having fine closed cells is obtained using an 
electrical insulating whisker as a foam nucleating agent in 
comparison to the use of boron nitride particles as a foam 
nucleating agent. 

That is, boron nitride has been so far used in the form 
of particles or scaly grains as the foam nucleating agent. 
Unexpectedly, it has been found that the use of an insulating 
whisker makes it possible to form fine cells with a high 
porosity. 

i 

As the whisker which is available as the foam nucleating 
agent in the invention, an insulating ceramic whisker which 
does not influence electrical characteristics can be used. 

Specific examples of the whisker include an aluminum 
borate whisker, a magnesium borate whisker, a potassium 
titanate whisker and a silicon nitride whisker. These may be 
used either singly or in combination of two or more. For 
example, as the aluminum borate whisker, Alborex Y (number 
average diameter of from 0.5 to 1 pm, and number average length 
of from 10 to 30 urn) manufactured by Shikoku Chemicals is 
mentioned. As the potassium titanate whisker, Tismo D (number 
average diameter of from 0.2 to 0.5 fjm, and number average 
length of from 10 to 20 ym) manufactured by Otsuka Chemical 
can be mentioned. 
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The insulating whisker in the foaming composition is 
contained in an amount of, preferably from 0.1 to 5% by weight, 
more preferably from 0.1 to 1% by weight in the foaming 
composition. 

When the amount of the insulating whisker is less than 
0.1% by weight, the foaming rate is decreased, and it is thus 
undesirable. When it is more than 5% by weight, cells become 
large, or electrical characteristics are decreased. Thus, it 
is undesirable. 

In the electrical insulating whisker used in the 
invention, it is preferable that the aspect ratio is from 10 
to 100 and the diameter is from 0.1 pm to 1 pm. In a whisker 
whose values are larger than the foregoing values, fine cells 
are not formed. 

Examples of the fluororesin used in the foaming 
composition and the foam of the invention can include 
thermoplastic f luororesins, for example, a 

tetrafluoroethylene-hexafluoropropylene copolymer, 
tetrafluoroethylene-alkylvinyl ether copolymers such as a 
tetrafluoroethylene-perfluoropropylvinyl ether copolymer, an 
ethylene-tetrafluoroethylene-perfluorobutylethylene 
copolymer, an ethylene-chlorotrif luoroethylene copolymer, 
polyvinylidene fluoride and the like.-. 

Jt 

The foaming of the foam in the invention may be conducted 
by charging a gas such as nitrogen into a molten composition 
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as a foaming agent or by mixing the foaming resin composition 
with a foaming substance that generates gas by heat 
decomposition due to heating. 

The invention is illustrated below by referring to 
Example and Comparative Examples. 
Example 1 

A composition comprising 99.5% by weight of a 
tetrafluoroethylene-fluoroalkylvinyl copolymer (FEP5100J 
manufactured by Mitsui du Pont Fluorochemical ) and 0.5% by 
weight of an aluminum borate whisker (Alborex Y manufactured 
by Shikoku Chemicals) was extrusion-molded with an extruder 
at a die temperature of 380°C, and 0.52 MPa of nitrogen was 
charged to form a foam layer with an outer diameter of 1.44 
mm on a silver-plated soft copper wire with a diameter of 0.511 
mm running on a head mounted on the extruder. Thus, a cover 
made of the foam layer was formed around a central conductor 
for a coaxial insulated cable. An electrostatic capacity of 
the resulting foam layer was measured. A dielectric constant 
s was calculated according to the following formula 1, and a 
porosity V (%) was calculated on the basis of the resulting 
dielectric constant. 

Formula 1 s = (C x log (D/d) ) /24j 16 
wherein 

C: electrostatic capacity per meter (pF) 
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D: outer diameter (mm) 

d: diameter of a conductor (mm) 

Formula 2 V = (1-log s/log sf) x 100 
wherein 

sf: dielectric constant of a composition constituting 
a foam layer before foaming 

The electrostatic capacity was 75.2 pF/m, the dielectric 
constant s 1.400, and the porosity 54.6%, per unit length. 

The resulting cover of the central conductor was cut at 
a surface perpendicular to its axis, and the section was 
observed through a microscope. The microphotograph is shown 
in Fig. 1. 

An average diameter of 50 cells optionally extracted was 
24.2 [im. 

Comparative Example 1 

A cover of a central conductor having a foam layer was 
produced in the same manner as in Example 1 except that the 
foaming composition used in Example 1 was changed to a 
fluororesin composition (FR5030, manufactured by du Pont) 
obtained by incorporating boron nitride particles as a foaming 
agent, and an electrostatic capacity was measured as in Example 
1. The electrostatic capacity was 77.. pF/m, the dielectric 
constant s 1.434, and the porosity 51.4%. 

The resulting cover of the central conductor was cut at 
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a surface perpendicular to its axis, and the section was 
observed through a microscope. The microphotograph is shown 
in Fig. 2. 

An average diameter of 50 cells optionally extracted was 
41.7 urn. 

Comparative Example 2 

A cover of a central conductor having a foam layer was 
produced in the same manner as in Example 1 except that the 
aluminum borate whisker used in Example 1 was changed to 
aluminum borate particles (Alborite 03T manufactured by 
Shikoku Chemicals, number average particle diameter 3 pm) , and 
an electrostatic capacity was measured as in Example 1. The 
electrostatic capacity was 78.5 pF/m, the dielectric constant 

s 1.462, and the porosity 48.8%. 

The resulting cover of the central conductor was cut at 

a surface perpendicular to its axis, and the section was 

observed through a microscope. The microphotograph is shown 

in Fig. 3. 

As described in the foregoing Example and Comparative 
Examples, in the foam layer formed using the whisker of the 
invention as the foam nucleating agent, it is possible to 
provide the foam having the low dielectric constant and the 
small cell diameter in comparison to the use of particles of 
boron nitride or the like. 
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Industrial Applicability 

The f luororesin-containing foaming composition of the 
invention contains the whisker as the foam nucleating agent, 
and the foam obtained by foaming the composition has fine cells . 
The foam layer having mechanically and electrically stable 
properties is obtained, even when it is thin. Accordingly, 
it is advantageous as the insulation layer of the coaxial 
insulated cable with a small wire diameter requiring a high 
fidelity. 
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